Introduction
We have studied the second mitotic wave seeking to understand the regulation of cell number during a single Generation of the uncommitted cells by proliferation is cell cycle. Previously, the SMW was thought of as a a prerequisite for cell type specification during developsynchronous, complete cell cycle; no genes autonoment. The spatial and temporal control of cell number mously required specifically for the SMW had been reis likely to be mediated by intercellular signals. Yeast ported. We found that cell cycle progression and cell and cultured cells have been useful for many studies of survival were controlled by extracellular signals (sumcell proliferation and survival, but their growth shows marized in Figure 1G and Figure 7) . Surprisingly, these little spatial regulation. It would be informative to know signals acted at short range via the same EGF receptor the nature and source of signals in vivo, and how and shown previously to have many roles in cell fate specifiwhen they act on the cell cycle, cell survival, and cell cation (Freeman, 1997). We now find that EGFR activagrowth to determine organ size and shape. tion is required for progression from G2 to M phase in Unlike the nematode C. elegans, Drosophila melanothe second mitotic wave cells, in part through activation gaster lacks a definitive cell lineage, indicating that of the phosphatase cdc25/string. G2/M progression was growth must be controlled by cell-cell signaling. Celltriggered by the preclusters. Experimental activation of cycle regulation begins in the embryo with spatially pat-EGFR could replace the requirement for precluster cells. terned G2/M progression (Edgar and O'Farrell, 1989, EGFR activation was also essential for survival of sec-1990; Foe, 1989). G1/S regulation is added after embryo ond mitotic wave cells, independently of mitotic signalhatching. S phase entry may depend on cell size (Neuing. Since completion of the cell cycle and survival defeld et al., 1998). Few mechanisms promoting growth pended on ommatidial preclusters, the second mitotic have been elucidated and none of the signals hypothewave provides a mechanism by which sufficient uncomsized to promote G2/M progression have been idenmitted cells are produced to complete each ommatidium tified.
( Figure 7 ). This may exemplify a common mechanism The Drosophila eye is an advantageous tissue in which for coordinating cell number and development. to identify, map, and characterize proliferative, death, and survival signals with a view to explaining organ CIP/WAF1 expression in G1 also contained no cyclin B (data not shown and Figure 5A ). In wild type, cyclin B accumulation began just posterior to column 0, completely surrounding the five-cell preclusters by column 2 (Figures 1C and 1E) . Cyclin B overlapped the band of BrdU labeling, indicating that cyclin B accumulation began with S phase ( Figure 1G ). Cyclin B protein is degraded at mitosis (Knoblich and Lehner, 1993) . Once mitosis began around column 4, the number of cyclin B-labeled cells reduced progressively ( Figures  1D and 1E ). Some cells between the differentiating ommatidia maintained cyclin B staining indefinitely, indicating that they did not divide ( Figures 1E and 1F ).
An average of 9.7 cells entered the SMW per precluster ( Figure 1F ). By column 11, an average of 2.0 were left undivided and were found between each group of Figures 3F and 3G) . These results further confirmed CM1 positive, consistent with a nonautonomous role for spi in survival ( Figure 4D ). As expected, CM1 antibody that ommatidia were required for the SMW and showed that EGFR activation was sufficient to replace the prealso detected dying cells in egfr and spi clones not expressing p35, but apoptotic morphology and rapid cluster signals that were absent in Elp/Elp eye discs.
clearance made autonomy difficult to assess (data not shown).
Autonomous Requirement for EGFR in Survival
Most of the cells in ato, hsN intra , or Elp mutant eye discs died, hinting that ommatidia might further regulate cell
EGFR Is Required for Survival after Precluster Recruitment number through survival of surrounding cells. It has been suggested that EGFR signaling mediates survival in the
The egfr ts mutation confirmed a role in survival separate from precluster differentiation (Figures 4E-4H Figures 4E and 4F ). Labeling began in columns for survival. Alternatively, EGFR might be required indi- 7-15 within 1 hr. After 4-6 hr, labeling reduced posterisis was not a consequence of p21 WAF1/CIP1 expression, because p21 WAF1/CIP1 did not increase cell death in a wildorly as dead cells were cleared and the progression of the morphogenetic furrow brought new disc regions type background. In fact, p21 WAF1/CIP1 expression reduced cell death in both wild-type and Elp/ϩ genetic backinto the death zone ( Figures 4G and 4H) . Cell death was also observed in other tissues, including the eye disc grounds (data not shown), probably because blocking the SMW reduces the number of extra cells. This experianterior to the morphogenetic furrow ( Figure 4H ). Because R2-R5 specification precedes column 1, our rement showed that death was not a consequence of G2 arrest per se. sults show that egfr was required for survival long after preclusters had differentiated. Instead, the EGFR was The CM1 antibody also showed that the dying cells were not a subset of G2-arrested cells (or vice versa). required directly and continuously for survival of the SMW cells of columns 7-15.
In Elp/Elp eye discs, CM1 labeled most cells in the zone of death corresponding to columns 7-15 ( Figure 5C ).
These cells had typical apoptotic morphology and are Cell Survival Is Independent of Cell Cycle Stage
A simple model for the role of EGFR in survival was that apoptotic by other assays ( Figure 5D ; Baker and Rubin, 1992; Kylsten and Saint, 1997). Double-labeling with G2 arrest might be a signal for death (Baker and Rubin, 1992). This notion was consistent with the proposal, cyclin B antibody reveals that some G2-arrested cells did not label with CM1 and that some G1 cells did (Figdeveloped from studies of myc function in mammalian cells, that checkpoint arrest of cells driven to proliferate ures 5E and 5F). Scattered cell deaths were also seen between columns 7-15 in wild-type discs ( Figure 5G ). may be a signal for apoptosis (Evan et al., 1992) . Eye disc cells that have performed S phase but arrested in Double-labeling of GMRp35 discs showed that CM1-positive and cyclin B-positive cells constituted partially G2 might fit this criterion.
If G2 arrest triggered cell death, one would predict overlapping but nonidentical populations ( Figures 5H  and 5I ). Some CM1-labeled cells were in G2, but many that preventing the SMW by p21 WAF1/CIP1 expression in G1 would restore survival. Contrary to this prediction, were not, and most G2-arrested cells did not stain with the CM1 antibody. This indicated that whereas most p21 WAF1/CIP1 did not prevent apoptosis of undifferentiated cells in the Elp/Elp mutant background, although the second mitotic wave cells divide and survive, some arrest and survive, some arrest and die, and some divide SMW was indeed blocked (Figures 5A and 5B) . Apopto- 
